
Belief-Dependent Anger in Games

Alec Smith∗

November 19, 2011

Abstract

This paper presents two belief-dependent models of anger: frustrated anger and anger from
blame, which correspond to differing views of the emotion in the psychology literature. Both
models build upon the idea that anger occurs when outcomes differ from players expectations.
They differ in that anger from blame also incorporates updated beliefs and a notion of other-
responsibility. The models are compared with each other and with existing models of negative
reciprocity in several examples.
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1 Introduction

Anger has strategic consequences. Psychologists refer to the behavioral consequences of emotions
as “action tendencies,” and the action tendency of anger is aggression. In games a predisposition to
behave aggressively when angered may benefit a player by serving as a credible threat, deterring
opportunistic behavior by coplayers. Angry players may be willing to forego material gains to
punish behavior which violates expectations. Much experimental evidence shows that in many
cases people do carry out threats even when doing so conflicts with their material self-interest.
Experimental studies of emotions in strategic interactions suggest that anger may be the proximate
cause for this behavior.

This paper presents two models, each of which captures different views of anger from the psychology
literature on emotions. In both models anger is a belief-dependent state which biases behavior
towards aggression.1 Anger is modeled as a function of the material payoff a player expects at the
start of the game. Anger arises when, in the course of play, a player’s expected payoff falls below
the amount he initially expected to get. In the models, increased anger makes it more attractive
for a player to give up his own material well-being in order to harm coplayers by assigning a more
negative weight to his coplayers’ material payoffs.

Much of the psychology literature associates anger with other-responsibility or blame for negative
events. For example, Averill (1983)(page 1150) says “More than anything else, anger is an attribu-
tion of blame.”2 The first model, anger from blame, formalizes this notion by adapting Battigalli
and Dufwenberg’s (2007) formulation of blame. A player whose utility includes anger from blame
wants to harm coplayers whom he blames for intentionally disappointing him relative to his ex-
pected material payoff. With anger from blame, responsibility and intentions matter. Players are
never angry at coplayers whom they judge to be blameless.

In contrast to the view that anger is derived from blame, the second model relates anger and
aggression to a player’s frustration. In the model of frustrated anger, frustration arises when the
maximum possible payoff a player can achieve is less than he expected at the start of the game.
This view of anger has roots in the frustration-aggression hypothesis of Dollard et al. (1939), who
proposed that “aggression is always a consequence of frustration.” In the model of frustrated
anger, one player’s frustration increases the (negative) weight he places on his coplayers’ material
payoffs, increasing the appeal of aggression. A player whose utility includes frustrated anger may
behave aggressively not only when another person is responsible for some adverse event, but also
after frustrating events that are due to third parties or even to nature. The frustrated anger model
formalizes Frijda’s (1993) (page 362) statement that “many experiences or responses of anger...
are elicited by events that involve no blameworthy action.”

An example in which the two models make similar predictions is the material payoff game Γ1

represented in Figure 1. If player 2 is certain that player 1 will choose in (i), then he prefers to

1Baumeister and Bushman (2007) (page 66) say “anger is an important and powerful cause of aggression.” They
define aggression (page 62) as “any behavior that is intended to harm another person who is motivated to avoid
the harm.”

2See also Smith and Ellsworth (1985), Ortony, Clure, and Collins (1988), Lazarus (1991), Weiner (1995), and
Lerner and Keltner (2000).
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Figure 1: Material Payoff Game Γ1

choose concede (c) to maximize his material payoff. The outcome coincides with the subgame
perfect equilibrium for self-interested players, and both players receive 2. In contrast, if player 2
expects ex ante that player 1 will choose out (o), player 2 may become angry after a choice of in
by player 1. Player 2 may then prefer to fight (f) player 1, and both players get 0. If player 1
believes that player 2 expects out, and furthermore if player 1 believes that player 2 will be angry
after in and therefore will choose fight, then player 1 will maximize his material payoff by choosing
out: player 1 gets material payoff 1, and player 2 gets 5. The example shows how a predisposition
to anger can be beneficial in deterring opportunistic behavior of coplayers, allowing player 2 to
improve his material payoff by making ‘fight’ credible.3

A situation where the predictions of the two models differ is illustrated by the game Γ2 in Figure 2,
which comes with a story. Chance (c) moves first and determines whether the day is a good one
(g) or a bad one (b). A builder (player 1) has a good day with probability 1− ε, (ε ≤ 1

2
) in which

case the payoff to both the carpenter and his helper (a dummy player) is 2. On a bad day the
builder hits his thumb with a hammer; he can either take it out (t) on his helper, in which case
the payoff to both of them is 0; or not (n), in which case both receive a payoff of 1. If the builder
is sufficiently sensitive to frustrated anger, he will always choose to take it out on his helper on
bad days. With anger from blame, the builder will never choose t.4

The models in this paper build upon the dynamic psychological games framework of Battigalli and
Dufwenberg (2009). Psychological games, which allow utility functions to depend upon players’
hierarchies of beliefs in addition to payoffs at end nodes, were first modeled by Geanakoplos, Pearce,
and Stacchetti (1989)(GPS). Battigalli and Dufwenberg (2009) generalize GPS’s theory to allow
utility to depend upon both updated, conditional beliefs and the beliefs of coplayers. Rabin’s
(1993) pioneering model of intention-based reciprocity is an early application of GPS’s theory.
Dufwenberg and Kirchsteiger (2004) and Falk and Fischbacher (2006) provide extensions of Rabin’s
model to games with sequential moves. Battigalli and Dufwenberg (2007) use psychological game
theory to model a specific emotion, guilt, and then develop two models of guilt, simple guilt and
guilt from blame.

3This example is taken from Selten (1978).
4The example of “hammering one’s thumb” leading to anger is due to Frijda (1993).
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Figure 2: Material Payoff Game Γ2: Hammering one’s thumb

This paper connects to experimental studies of emotions and beliefs in strategic interactions from
the economics, psychology, anthropology, and neuroscience literature. The various works cited
below provide some evidence in favor of the notion that emotions such as anger drive behavior,
and that emotions, in turn, are generated from comparisons of outcomes with expectations.

A small experimental literature combines laboratory play of strategic games with the study of
anger via emotion self-reports. Pillutla and Murnighan (1996) find that reported anger predicted
rejections better than perceived unfairness in ultimatum games.5 Fehr and Gächter (2002) study
emotions resulting from laboratory play of a public goods game. They conclude that negative
emotions such as anger are the proximate cause of costly punishment of free-riders in the game.

Two other experiments provide support for belief-dependent behavior in the context of the ultima-
tum game. Schotter and Sopher (2007) measure second mover expectations in ultimatum games.
They find that unfulfilled expectations drive rejections. Sanfey (2009) finds that psychology stu-
dents who are told that a typical offer in the ultimatum game is $4-$5 reject low offers more
frequently than students who are told that a typical offer is $1 - $2.

Experiments by Frans van Winden and several coauthors (for example, Bosman and van Winden
(2002), Bosman, Sutter, and van Winden (2005), and Reuben and van Winden (2008)) record
both emotions and expectations in the power-to-take game. In this game a first mover can “take”
some fraction of a second mover’s endowment. The second mover, upon seeing the take decision,
decides how much of the endowment to destroy before the first mover gets it. These papers show
that second-mover expectations about first-mover take rates in power-to-take games are a key
factor in the decision to destroy income. Furthermore, they find that anger-like emotions are also
triggered by the difference between expected and actual take rates. Finally, the difference between
the take rate and the reported fair take rate is not significant in determining anger-like emotions,
suggesting that it is deviations from expectations, rather than from fairness benchmarks, which
drive both anger and destruction of endowments in the games. Reuben and van Winden (2008)
argue that existing models of belief-dependent reciprocity miss an important trigger of anger by

5In the ultimatum game a first mover makes a take-it or leave-it offer to a second mover. The second mover
can accept the offer or reject it, in which case both players receive nothing. The ultimatum game was first studied
experimentally by Guth, Schmittberger, and Schwarze (1982).
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focusing on equilibrium predictions where actions are correctly anticipated. In both models in this
paper, anger arises when outcomes differ from expectations. Anger arises from outcomes which are
worse than expected. This approach is consistent with the argument of Reuben and van Winden
(2008).

Neuroscientific studies of social decision-making provide further support for the notion that angry
emotions cause aggressive behavior (Sanfey, 2007). Sanfey et al. (2003) find that rejections of low
offers in the ultimatum game are associated with greater activation of the anterior insula, a brain
region associated with negative emotional states. Koenigs and Tranel (2007) find that patients
with lesions in the ventromedial prefrontal cortex (vmpfc) - a region of the brain associated with
emotion regulation - reject unfair offers more frequently than normal subjects. Patients with vmpfc
damage have a tendency towards exaggerated anger and emotional outbursts in social situations
involving frustration or provocation, and the results of this study suggest that anger regulation
plays a key role in economic behavior.

Finally, cross-cultural studies show considerable variation in ultimatum game behavior (Henrich
et al. (2006)). One explanation for these results, which is consistent with the models in this paper,
is that cultural factors influence the initial expectations subjects have about play in the game.
Subjects compare observed play with these expectations. Negative deviations from the culturally
influenced benchmark lead to emotional reactions, which then affect behavior.

The next section introduces mathematical notation for extensive game forms, strategies, and be-
liefs. Section 3 presents the model of anger from blame, and Section 10 presents the model of
frustrated anger. Section 5 compares the two models with a few models of other-regarding prefer-
ences. Section 6 concludes. The appendix presents an existence proof for frustrated anger

2 Extensive Game Forms, Material Payoff Games, and Be-

havior Strategies

This section describes the mathematical tools which will be used to model anger in strategic inter-
actions. The notation and definitions are based upon Battigalli and Dufwenberg’s (2009) extended
framework for dynamic psychological games, which allows for game forms with imperfectly observ-
able actions and chance moves. Game forms with perfect information are a special case of this
setup. Departures from their framework will be noted as they arise. Because the models rely on
different constructions of players’ beliefs, the description of beliefs is left for later. Table 1 collects
the relevant mathematical notation.

Let N = {c, 1, . . . , n} denote the set of players, where c indicates the chance player. The finite
set of all possible histories is H. For each player i ∈ N the finite set of possible actions is Ai. A
history is a sequence h = (a1, . . . , al), where each at = (atc, a

t
1, . . . , a

t
n), 0 ≤ t ≤ l, constitutes the

profile of actions at stage t. The empty history h0 precedes every history and has length 0. For
every history h, the set of actions available to player i is given by Ai(h) ⊆ Ai. Ai(h) is empty
only when h is a terminal history, and the set of terminal histories is Z. Each player is modeled
as moving at each history; this i without loss of generality as Ai(h) is allowed to be a singleton,
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Notation Description
N = {c, 1, . . . , n} Set of players
H Set of histories
Z Set of terminal histories
Hi i’s collection of information sets
Ai(h) Set of i’s actions at h ∈ Hi

si strategy for player i
Si Set of strategies for i
S =

∏
i∈N Si Set of strategy profiles

πi : Z → R+ i’s material payoff function
Si(h) Set of i’s strategies allowing h
∆(X) Set of probability distributions on X
σi = (σi(·|h))h∈Hi

Behavior strategy for i
σ = (σi)i∈N Behavior strategy profile

Table 1: List of Mathematical Objects

indicating that i is not active at h.

Let Hi be the partition of the set of historiesH into information sets for each player i ∈ N\{c}, with
the property that for all h ∈ Hi, for all h, h′ ∈ h, Ai(h) = Ai(h

′). The information structure Hi

for each non-chance player satisfies perfect recall. Hi is a refinement of {{h0}, H \{{h0}
⋃
Z}, Z},

so players know when they are in the root of the game tree, and they know when the game has
ended. For any h ∈ Hi, and for any h ∈ h, denote by Ai(h) the set Ai(h).

I restrict attention to game forms with non-negative material payoffs. The material consequences
of player’s actions are denoted by functions πi : Z → R+, i ∈ N \ {c}. Assume that i observes his
material payoff, so that if πi(z

′) 6= πi(z
′′) then z′ and z′′ are in different information sets.

The set of pure strategies of player i is given by Si. A typical strategy is denoted by si = (si,h)h∈Hi
,

where si,h ∈ Ai(h). Let S =
∏

i∈N Si and S−i =
∏

i 6=j Sj. Abusing notation slightly we say that a
strategy profile s ∈ S induces the terminal history z(s) ∈ Z.

For any information set h, the set of i’s strategies which allow h is Si(h), and the set of strategies
for i’s coplayers which allow h is S−i(h). Let S(h) = Si(h) × S−i(h) denote the set of strategy
profiles which allow h.

Let ∆(X) denote the set of probability distributions on the finite set X. Then let σc = (σc(·|h) ∈∏
h∈H\Z ∆(Ac(h)) denote the strictly positive and objective probabilities of chance moves. Then

〈N,H, σc, (Hi)i∈N,i6=c〉 is an extensive game form with imperfectly observable actions and chance
moves. If a given extensive form is associated with material payoff functions (πi)i∈N\{c}, we obtain
a material payoff game Γ = 〈N,H, σc, (Hi)i∈N\{c}, (πi)i∈N\{c}〉.

A behavior strategy for player i is given by σi = (σi(·|h))h∈Hi
∈

∏
h∈Hi

∆(Ai(h)). A behavior
strategy profile σ = (σi)i∈N assigns, for every player i at every information set h of player i, an
independent probability measure over the available actions Ai(h). Given σi, the probability of
pure strategy si is Prσi(si) =

∏
h∈Hi

σi(si,h|h).
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Conditional on information set h ∈ Hi, the probability of pure strategy si ∈ Si(h) under the
assumption of independence across information sets is

Prσi(si|h) =
∏

h′∈Hi:h′⊀h

σi(si,h′|h′)

where h′ ⊀ h is the collection of information sets of i such that for all h′ ∈ h′, h ∈ h, h′ does not
weakly precede of h.6

The next two sections introduce the models of anger from blame and frustrated anger. For two-
player games, both models have the basic form ui = πi − aijπj, where πi and πj are i’s and j’s
material payoffs, and aij ≥ 0 is the weight that player i attaches to player j’s material payoff. The
weight aij is increasing in player i’s initial expected payoff, π̄0

i , so that higher initial expectations
lead to greater intensity of anger when expectations are not met. Increased anger raises the
disutility which results from coplayers’ material payoffs. When player i is not angry at player j,
aij = 0 and player i only cares about his own material payoff. Segal and Sobel (2007; 2008) use this
general form to develop a strategic-form model of reciprocity. They also show how to reformulate
the model of Rabin (1993) to fit this form. The models of frustrated anger and anger from blame
entail different specifications for aij.

Many emotion researchers note that anger does not always lead to aggression.7 This fact is captured
by the following models, in which players make tradeoffs between material and emotional rewards.
A strength of the utility function approach to modeling anger and emotions in general is that it
makes clear that emotions only lead to actions when the (immediate) psychological benefits of
emotion-driven choices outweigh their costs.

3 Anger from Blame

The man who gets angry with the right things and with the right people, and also in
the right way and at the right time and also for the right length of time, is commended.
- Aristotle, The Nicomachean Ethics, Book IV, Chapter v.

Aristotle suggests that anger is appropriate, even commendable, when directed at the right people.
Yet who are these people? One idea is that they are those to whom we assign blame. Some
emotion researchers consider blame a necessary precondition for anger. Lazarus (1991)(page 223)
says blame “is crucial for anger.” Ortony, Clure, and Collins (1988) include the degree of judged
blameworthiness as a key variable affecting the intensity of anger. Smith and Ellsworth (1985)
find that anger is strongly associated with attributions of “other-responsibility.” One approach to
modeling anger is to consider a model where people are angry with others who the believe have
intentionally caused them harm. When some negative event happens which is not the responsibility
of player j, a player i whose anger is derived from blame should not be angry at j.

6Perfect recall ensures that this statement is well defined.
7See, for example, Baumeister and Bushman (2007).
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Figure 3: The material payoff game Γ3.

Consider the game in Figure 3. Player 1 can choose between share (s) and take (t). If player 1
chooses share, then there is ε probability that the chance (c) will lead to a bad outcome; otherwise
player 1 gets 5 and player 2 gets 5

(1−ε) . In this game blame should, to some extent, protect player
1 from player 2’s anger, since if player 2 gets the move, he doesn’t know whether it is because
1 chose t or whether 1 chose s and chance “chose” b. If player 2 chooses reject (r) both players
receive 0, while accept (a) leads to payoff of 8 for player 1 and 2 for player 2. In this game blame
should limit, to some extent player, 2’s willingness to reject.

Battigalli and Dufwenberg (2007) model blame in the following manner: player i assigns blame to
player j when he believes player j intentionally disappointed him relative to his expected payoff.
They use this formulation to model guilt. In their model of guilt from blame, player j feels guilty
if he believes player i blames him for disappointing i.8

Anger from blame adapts Battigalli and Dufwenberg’s (2007) notion of blame to study anger.
Suppose instead that player i is angry with player j if i blames j for disappointing him. That is,
suppose player i believes player j intentionally chose a strategy which led to i receiving a lower
payoff than i expected. Then i is angry with j to the extent that i blames j for intentionally
disappointing him.

Beliefs are modeled as in Battigalli and Dufwenberg (2007). Conditional on each h ∈ Hi player
i holds an updated first-order belief αi(·|h) ∈ ∆(S−i(h)) regarding the strategies of the other
players and chance. Player i’s system of first-order beliefs is αi = (αi(·|h))h∈Hi

; αi is a conditional
probability system in the sense of Myerson (1986). At each h ∈ Hi player i also holds an updated
second order belief βi(h) regarding the first-order belief system αj of each co-player j. Player i’s
system of second order beliefs is given by βi = (βi(h))h∈Hi

. Assume that higher order beliefs are
degenerate, point beliefs. Therefore, player i’s conditional second order belief βi(h) is associated
with a particular array (α1

j (·|h′)h′∈Hj
)j 6=i. Player i also has a system of third order beliefs γi =

(γi(h))h∈Hi
about the second order belief systems of his coplayers, et cetera. In this paper we

8Battigalli and Dufwenberg (2007) also propose a model of “simple guilt” which does not involve blame.
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consider beliefs of at most the third order. A player’s initial beliefs are those held at the information
set h0 = {h0}. Each player’s beliefs must satisfy Bayes’ rule and common certainty that Bayes’
rule holds.

Given strategy si and initial first-order beliefs αi(·|h0), player i can calculate his initial ex-
pected payoff π̄0

i =
∑

s−i∈S−i
αi(s−i|h0)πi(z(si, s−i)). Then at the end of the game the expres-

sion Di(z, αi, si) = max{0, π̄0
i − πi(z)} measures i’s disappointment.9 Anger from blame builds on

disappointment in that i is angry at j when he “blames” j for intentionally disappointing him.
Let Aij(z, αi, si) = Di(z, αi, si)−minsj∈Sj

Di(z(sj, s−j), αi, si) indicate how much of i’s disappoint-
ment j might have prevented by choosing another strategy. Given sj and initial beliefs αj(·|h0)
and βj(h

0) we can compute how much j expected to anger i:

A0
ij = Esj ,αj ,βj [Aij|h0] (1)

=
∑
s−j

αj(s−j|h0)Aij(z(sj, s−j)), β
0
ji(h

0), s−j) (2)

where β0
ji(h

0) ∈ ∆(S−i(h
0) denotes the initial point belief of j about i’s initial belief αi(·|h0).

Suppose some z ∈ Z is reached and payoffs are realized. Let β0
ij(·|Hi(z)) ∈ ∆(S−j(h

0)) denote
i’s terminal, point belief of j’s initial first order belief αj(·|h0). Furthermore, let γ0iji(·|Hi(z)) ∈
∆(S−i(h

0)) denote i’s terminal belief regarding β0
ji(h

0). The conditional expectation

Eαi,βi,γi [A
0
ij|Hi(z)] =

∑
s−j

β0
ij(s−j|Hi(z))Aij(z(sj, s−j), γ

0
iji(·|Hi(z)), s−j) (3)

measures i’s inference regarding how much “blame” to assign to j for i’s disappointment (if any). In
anger from blame the weight i places on j’s utility is aABij = θijEαi,βi,γi [A

0
ij|Hi(z)]. If i’s preferences

are represented by a utility function of the form

uABi (z, αi, βi, γi) = πi(z(si, s−i))−
∑
j 6=i

aABij πj(z(si, s−i)) (4)

then say that i’s utility incorporates anger from blame. When a material payoff game Γ is appended
with utility functions uABi which include anger from blame, we have a psychological game with
anger from blame ΓAB = 〈Γ, (uABi )i∈N\{c}〉. In a psychological game with anger from blame it
is assumed that player i maximizes the expected utility of uABi , given his beliefs up to the third
order. Unless otherwise specified, it is assumed that the psychological sensitivity parameters θij
are common knowledge.10

The following sections define behavior strategies, assessments, and sequential equilibria for psy-
chological games with chance moves and imperfectly observable actions, and then provides an
existence theorem for psychological games with anger from blame. The definitions which follow
are based upon Battigalli and Dufwenberg’s (2009)’s extended framework and the notation used
is theirs.

9Bell (1985) and Loomes and Sugden (1986) propose decision-theoretic models of disappointment. Battigalli
and Dufwenberg (2009) provide a game-theoretic extension.

10This assumption may be questionable unless players are well-acquainted with each other. One remedy is to
model incomplete information about psychological payoff functions via an initial move of chance.
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3.1 Assessments

For a psychological game with anger from blame, define an assessment as a profile (σ, α, β, γ) =
(σi, αi, βi, γi)i∈N\{c}, where σ is a behavior strategy profile and α, β, γ is a profile of beliefs of
non-chance players.

Definition 1. An assessment (σ, α, β, γ) is consistent if there is a sequence of strictly positive
behavior strategy profiles σk → σ such that for all i = 1, . . . , n,h ∈ Hi, s−i ∈ S−i(h):

αi(s−i|h) = lim
k→∞

Prσc(sc)
∏

j 6=i,c Prσk
j
(sj)∑

s′−i∈S−i(h)
Prσc(s

′
c)
∏

j 6=i,c Prσk
j
(s′j)

(5)

and higher order beliefs are correct for all i ∈ N \ {c}, at each information set h ∈ Hi: βi(h) =
(αj)j 6=c,i, and γi(h) = (βj(h

′))j 6=c,i,h′∈Hj
.

3.2 Expected Utility

Given a consistent assessment (σ, α, β, γ), consider the decision of an agent (i,h) of player i at
information set h ∈ Hi, who seeks to maximize i’s conditional expected utility.

Definition 2. For a psychological game with anger from blame, player i’s expected utility con-
ditional on his information set h, action ai ∈ Ai(h), and the consistent assessment (σ, α, β, γ)
is

Eσ,αi,βi,γi [u
AB
i |h, ai] =

∑
s−i∈S−i(h)

∏
j 6=i

Prσj(sj|h)
∑

si∈Si(h,ai)

Prσi(si|h, ai)uABi (z(si, s−i), αi, βi, γi), (6)

where Prσi(si|h, ai) is given by

Prσi(si|h, ai) =
∏

h′∈Hi:h′�h

σi(si,h′ |h′) (7)

and h′ � h is the collection of information sets of i such that for all h′ ∈ h′, h ∈ h, h′ is not h or
a predecessor of h.

The definition takes the view that player i is a collection of agents (i,h)h∈Hi
. Each agent (i,h) is

in charge of the move at information set h, and each (i,h) assesses the probabilities of actions by
other agents of player i the same way as other players j 6= i, using the behavior strategy σi. While
this agent-form description is not strictly necessary for anger from blame (expected utility could
also be calculated with respect to a player’s beliefs), the agent-form description allows for an easy
comparison with the model of frustrated anger.
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3.3 Sequential Equilibria for Anger from Blame

The definition of equilibrium here makes use of randomized strategies, although players are not
assumed to actually randomize. An equilibrium which includes a randomized choice by some
player i is interpreted as a common first-order belief of i’s opponents about i (cf. Aumann and
Brandenburger, 1995).

Definition 3. An assessment (σ,µ) is a Sequential Equilibrium (SE) if it is consistent and for
all i = 1, . . . , n,h ∈ Hi, si ∈ Si(h),

supp(σi(·|h)) ⊆ arg max
ai∈Ai(h)

Eσ,µ[uABi |h, ai], (8)

where supp(σi(·|h)) denotes the set of actions assigned strictly positive probability by σi(·|h). An
assessment (σ,µ) is a sequential equilibrium if it is consistent and for every player i and every
information seth of player i, σi assigns positive probability only to actions which maximize agent
(i,h)’s expected utility.

The next theorem confirms the existence of a sequential equilibrium in psychological games with
anger from blame.

Theorem 1. Every psychological game with anger from blame has at least one sequential equilib-
rium.

Psychological games with anger from blame fit the extended framework of Battigalli and Dufwen-
berg (2009) which includes imperfectly observable actions and chance moves (section 6.2 of their
paper). Theorem 1 follows from their Theorem 9 which establishes the existence of sequential
equilibria so long as the utility functions are continuous. The proof is omitted.

The following examples collect the sequential equilibrium predictions which result when applying
anger from blame to the previously discussed material payoff games.

Example 1: The game Γ1. Consider again the material payoff game Γ1. A sequential equilibrium
with anger from blame can be summarized by the tuple (ρ, ν), where ν = α̃1(c|h0) denotes player
1’s initial belief of the probability that player 2 will choose to concede if player 1 enters, and
ρ = α2(i|h0) denote player 2’s initial belief of the probability that player 1 will choose in. With
anger from blame the set of sequential equilibria is: ρ = ν = 1, for any values of θ12 and θ21;
ρ = ν = 0, for all θ12, where θ21 ≥ 1

4
, and (ρ∗, 1

2
), where ρ∗ = 4θ21−1

4θ21
, for all θ12 and for θ21 ≥ 1

4
.

Example 2: The game Γ2. Consider again the hammering one’s thumb game, Γ2. In the hammering
one’s thumb game, the unique sequential equilibrium prediction corresponds to player 1 choosing
n with probability 1. Because player 2’s set of strategies S2 is a singleton, player 1 can never hold 2
responsible in the event that he hammers his thumb (history b). Therefore after b we have A12 = 0
and player 1 maximizes his material payoff.

Example 3: The game Γ3. Let α1(r|h0) = ν, and let α2(s|h0) = ρ. In every sequential equilibrium
of the material payoff game ν = 1, since 2 will always maximize his material payoff by choosing
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a if he gets the move. Therefore the unique sequential equilibria of the material payoff game is
summarized by (ρ, ν) = (0, 1), so player 1 always takes (t), and player 2 always accepts (a).

Now consider the pure-strategy SE’s with anger from blame. Suppose player 2 initially believes
that player 1 chooses s with probability 1, so ρ = 1. If player 2 gets the move he does not update his
beliefs from ρ = 1 and he assigns probability 1 to the history (s, b). Given that he believes player
1 played s with probability 1, player 2 cannot be angry with 1, since 2 believes that 1’s strategy
minimizes 2’s anger. Therefore reject is not a part of any pure strategy sequential equilibria
with anger from blame. The unique pure-strategy SE with anger from blame is summarized by
(ρ, ν) = (0, 1), the same as for the material payoff game.

4 Frustrated Anger

In contrast to the literature which derives anger from blame, a long tradition in psychology connects
anger with frustration.11 The model of frustrated anger leaves aside the role of blame and instead
supposes that anger arises directly from frustration. In the model the comparison of outcomes
with expectations drives frustration. Frustration arises when the maximal payoff that a player can
achieve, given his beliefs, is less than he initially expected.12 In the model frustration is equated
directly with anger. Increased frustration of player i leads i to place lower weight on his coplayer’s
payoffs, thereby making aggression more attractive to player i.

With frustrated anger a player i might become angry at a player j even when j has done nothing to
harm i. The model captures the idea that any frustrating event might lead to anger. For example,
Frijda (1993) says “The target of anger may be a person who has fallen ill on the day of one’s
party, or one who just happened to be present when a plan failed” (page 362).

Define beliefs in the following way: conditional on each h ∈ Hi player i ∈ N \{c} holds an updated
first-order belief α̃i(·|h) ∈ ∆(S(h)). Perfect recall ensures that player i is certain of his actions at
information sets which precede h. Player i’s system of first-order beliefs is α̃i = (α̃i(·|h))h∈Hi

. α̃i
is a conditional probability system. The belief systems of each player must satisfy Bayes’ rule and
furthermore common certainty that Bayes’s rule holds.

We use notation which is consistent with the previous section and define the marginal of α̃i(·|h) on
S−i as αi(·|h). For all j ∈ N , Let αij(·|h) denote the marginal of αi(·|h) on Sj(h). Thus αii(·|h)
denotes the marginal, conditional belief of i about his own strategy.

Conditional on i’s information set h and his first order belief α̃i(·|h), denote player i’s expected
material payoff by π̄i(h) =

∑
s∈S(h) α̃i(s|h)πi(z(s)). At the start of the game player i’s initial

11Furthermore, some evidence suggests that the direction of causality between anger and blame is unclear: anger
may cause people to look for someone to blame, rather than blame causing anger. Examples include Quigley and
Tedeschi (1996) and Lerner, Goldberg, and Tetlock (1998).

12Berkowitz (1989) interprets the definition of frustration of Dollard et al. (1939) as an “unexpected blockage of
an anticipated goal attainment.” More recently Rolls (2005) says “anger is a state that might be produced by the
omission of an expected reward, frustrative non-reward.”

12



expectation about his material payoff, given α̃i(·|h0), is π̄0
i =

∑
s∈S α̃i(s|h0)πi(z(s)). For any

information set h, let π̄∗i (h) = maxs′i∈Si(h) αi(s−i|·)πi(z(s′i, s−i)) denote the maximal expected payoff
i can still achieve in the game, given his (marginal) belief about his coplayers’ strategies.

Then i’s frustration at information set h is

Fi(α̃i(·|h)) = max{0, π̄0
i − π̄∗i (h)} (9)

In the frustrated anger model the weight that i places on j’s material payoff is determined by
i’s frustration and a coplayer-specific sensitivity parameter: aFAij = θijFi(α̃i(·|h)). If i’s utility
function at history h can be represented by the function:

uFAi (z, α̃i(·|h)) = πi(z(si, s−i))−
∑
j 6=i

aFAij (α̃i(·|h))πj(z(si, s−i)) (10)

then say that player i’s utility includes frustrated anger. Player i’s utility function at h depends on
end nodes z which are induced by profiles (si, s−i). Player i does not know s−i, so the assumption
is that at information set h player i tries to make the expected value of uFAi as large as possible,
given his first order beliefs.

With frustrated anger the weight attached to player j’s payoff by a player i does not necessarily
depend upon player j’s strategy: it could be that some other player k, or even nature caused player
i’s frustration. In this model player i may behave aggressively towards his coplayers in situations
where the model of anger from blame would hold coplayers blameless.

When a material payoff game Γ is appended with utility functions uFAi which include frustrated
anger, we have a psychological game with frustrated anger ΓFA = 〈Γ, (uFAi )i∈N\{c}〉. Unless other-
wise specified, assume there is common knowledge of the psychological payoff functions.

The modeling approach to frustrated anger allows players to be uncertain about their own strat-
egy. If beliefs are defined only over opponent strategies, a player’s initial expectations about his
material payoff will in general depend upon his strategy. This own-plan dependence may lead to
dynamic inconsistency. Battigalli and Dufwenberg (2009) illustrate with an example that own-plan
dependence may lead to dynamic inconsistency even if players are modeled as collections of agents
(i,h). They suggest that to allow for rationality in situations where utilities exhibit own-plan de-
pendence, it may be necessary to model players’ beliefs upon both their own and their coplayer’s
strategies. This is the approach taken in the model of frustrated anger. Allowing for players to be
uncertain about their own strategies is natural if one considers that people may be unsure of how
they would behave in the “heat of the moment.”

4.1 Assessments

Many of the previously defined objects are applicable to the model of frustrated anger. For a
psychological game with frustrated anger, an assessment is a profile (σ, α̃) = (σi, αi)i∈N\{c}, where
σ is a behavior strategy profile and α̃ is a profile of first-order beliefs of non-chance players.
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Definition 4. An assessment (σ, α̃) = (σi,µi)
n
i=1 is consistent if there is a sequence of strictly

positive behavior strategy profiles σk → σ such that for all i = 1, . . . , n,h ∈ Hi, s ∈ S(h):

αi(s|h) = lim
k→∞

Prσc(sc)
∏

j 6=c Prσk
j
(sj)∑

s′∈S(h) Prσc(s
′
c)
∏

j 6=c Prσk
j
(s′j)

(11)

Because with frustrated anger players’ utilities depend upon outcomes and their first-order beliefs,
a consistent assessment with frustrated anger makes no reference to higher-order beliefs.

4.2 Expected Utility

With frustrated anger, players calculate their expected utility the same way as with anger from
blame. An agent (i,h) of player i assesses the expected utility from an action ai ∈ Ai(h) with
respect to the consistent assessment (σ, α̃). Therefore, simply replace uABi (·) in Equation 2 with
uFAi (·).

Definition 5. For a psychological game with frustrated anger, player i’s expected utility conditional
on his information set h, action ai ∈ Ai(h), and the consistent assessment (σ, α̃) is

Eσ,α̃i
[uFAi |h, ai] =

∑
s−i∈S−i(h)

∏
j 6=i

Prσj(sj|h)
∑

si∈Si(h,ai)

Prσi(si|h, ai)uFAi (z(si, s−i), α̃i), (12)

4.3 Sequential Equilibria for Frustrated Anger

Sequential equilibria for frustrated anger are defined much the same way as those for anger from
blame. An assessment is a sequential equilibrium if it is consistent, and if the behavior strategy
σi only assigns positive probability to expected-utility maximizing actions at each history.

Definition 6. An assessment (σ, α̃) is a Sequential Equilibrium (SE) if it is consistent and for
all i = 1, . . . , n,h ∈ Hi, si ∈ Si(h),

supp(σi(·|h)) ⊆ arg max
ai∈Ai(h)

Eσ,α̃[uFAi |h, ai], (13)

Theorem 2 adapts a proof of Battigalli and Dufwenberg (2009) to establish the existence of se-
quential equilibria in psychological games with frustrated anger.

Theorem 2. Every psychological game with frustrated anger has at least one sequential equilibrium.

The proof is contained in the Appendix.
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The following examples illustrate some sequential equilibrium predictions of the model of frustrated
anger. For the purposes of comparison we duplicate the examples of Section 3.

Example 4: The game Γ1. Return again to the game Γ1. By consistency players’ beliefs about
their own strategies at any history are independent of their beliefs about the strategies of their
coplayers (cf. Battigalli (1996)). Therefore, we may again summarize the sequential equilibrium
predictions with frustrated anger with the tuple (ρ, ν), where ν = α1(c|h0) denotes player 1’s
initial marginal belief of the probability that player 2 will choose to concede if player 1 enters, and
ρ = α2(i|h0) denotes player 2’s initial marginal belief of the probability that player 1 will choose
in. With frustrated anger the set of sequential equilibria is: ρ = ν = 1, for any values of θ12 and
θ21; ρ = ν = 0, for all θ12, where θ21 ≥ 1

3
, and (ρ∗, 1

2
), where ρ∗ = 4θ21−1

4θ21
, for all θ12 and for θ21 ≥ 1

4
.

Example 5: The game Γ2. Consider again the hammering one’s thumb game, Γ2. Let ρ =
α11(t|h0) indicate 1’s initial expectation of the probability that he will choose t after b. For high
enough sensitivity to frustrated anger, the unique sequential equilibrium prediction for this game
is summarized by ρ = 1. That is, if 1 is sufficiently susceptible to frustrated anger, he will always
take out his frustration on 2. Given his initial belief 1’s expected material payoff is π̄0

1 = 1− ε− ερ.
After b, 1’s utility from choosing n is 0, and his utility from choosing t is −1 + θ21(1 − ε − ερ).
If θ21 ≥ 1

(1−ε−ερ) player 1 prefers t to n after b. This inequality is strict if θ21 >
1

1−2ε . Therefore
if θ12 is sufficiently large, given the probability ε of a bad day, player 1 will always take out his
frustration on player 2 in the hammering one’s thumb game.

Example 6: The game Γ3. Let α1(r|h0) = ν, and let α2(s|h0) = ρ denote each player’s marginal
initial beliefs and consider the pure-strategy equilibrium predictions for Γ3. With frustrated anger
there is a sequential equilibrium where (ρ, ν) = (1, 0), so that player 2 enforces sharing by always
choosing reject if he gets the move; he does so because he is angry that his payoff is less than he
expected, regardless of his beliefs about player 1’s strategy. In this equilibrium player 2’s expected
material payoff is 5.

In contrast, reject is not a part of any pure strategy sequential equilibria with anger from blame,
and with anger from blame the expected material payoff of player 2 must be strictly less than 5
in every sequential equilibria. Thus in some circumstances anger from blame can prevent players
from profiting from threats that would be credible with frustrated anger. Furthermore, blame can
shield coplayers from harm they might experience with frustrated anger (as also shown by the
game Γ2.)

5 Further Analysis

The examples in the preceding sections show that for a given material payoff game, the sequential
equilibria of the associated psychological game with frustrated anger are neither a subset nor a
superset of the sequential equilibria of the associated psychological game with anger from blame.
This section further illustrates some properties of the models. First, an examination of some
“mini-ultimatum games” Falk, Fehr, and Fischbacher (2003) shows that anger models can capture
aspects of behavior which models based solely on distributional preferences (e.g. Fehr and Schmidt
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(1999), Bolton and Ockenfels (2000)) cannot. The second example applies the anger models to a
3-stage game and shows that the models predict a unique outcome in pure strategies, and compares
this result with predictions based upon Dufwenberg and Kirchsteiger’s (2004) model of sequential
reciprocity, which predicts multiple equilibria. The final example illustrates another way anger
may affect behavior: players may anticipate anger and choose to avoid it.

5.1 A comparison with other models of other-regarding preferences

Figure 4: The (5, 5) game from Falk et al. (2003)

Consider the mini-ultimatum game shown in Figure 4, and suppose that both player’s utility
includes frustrated anger. First note that player 2 will always choose a after history y. After
history y player 2 has a choice between a′ and r′. Player 2’s utility from a′ after y is 5, since given
a material payoff of 5, 2’s frustration is 0. Player 2’s utility from r′ after y is 0, since π1 = π2 = 0.
Therefore player 2 always chooses a′ after y, for any belief about player 1’s strategy, and for any
value of the sensitivity parameter θ21.

Let ν = α1(a if x|h0) denote player 1’s initial marginal belief that player 2 will choose a after
history x. Let ρ = α2(x|h0) denote player 2’s initial marginal belief that player 1 will choose
x. For small values of θ3 the unique SE corresponds to the backward induction solution of the
material payoff game. For θ21 >

1
12

there are 3 SE’s of the game, which can be summarized by

ρ = ν = 1, ρ = ν = 0, and (ρ, ν) = (12θ21−1
15θ21

, 5
8
).

Now suppose that players have utility which includes anger from blame. The pure strategy SE’s
are ρ = ν = 1 and ρ = ν = 0 as before. However, the SE in which 2 chooses r after x is supported
by values of θ21 >

1
20

. This SE requires smaller θ21 since after history x, A21(·) = 5 regardless of 2’s
choice, because that is the amount of harm 1 intended to cause 2. There is also a mixed-strategy
equilibrium with anger from blame.
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Figure 5: The (8, 2) game from Falk et al. (2003)

Predictions for the (5, 5) game are of particular interest in comparison with predictions for the
(8, 2) game shown in Figure 5. Falk, Fehr, and Fischbacher (2003) use these two games to illustrate
the difference in predicted behavior between models of reciprocity in which intentions matter,
such as Dufwenberg and Kirchsteiger (2004) and Falk and Fischbacher (2006), and models of
‘distributional’ preferences such as Fehr and Schmidt (1999). Models which incorporate a notion
of intention or context predict higher rates of the choice r after history x in the (5, 5) game than
in the (8, 2) game, while models of distributional preferences predict no difference.

A player with utility which includes either frustrated anger or anger from blame will maximize his
material payoff by playing strategy aa′ in the (8, 2) game. Player 2 cannot be angry after a history
which gives him that payoff, and the maximum value of 2’s utility must be 2. The comparison of
these two games shows that utility which includes frustrated anger or anger from blame capture
important empirical observations of behavior in mini-ultimatum games.

While Dufwenberg and Kirchsteiger (2004) do predict more choices of r after history x in the
(5, 5) game, their model also predicts other equilibria. For example, the strategy profile (x, ra)
is a sequential reciprocity equilibrium using DK’s model, leading to the inefficient outcome (0, 0).
The intuition for this result is that if player 1 believes player 2 is unkind to him after history x,
then a sufficiently reciprocal player 1 will want to be unkind back. Player 1 then completes this
“miserable” outcome by choosing x, and both players choose unkind strategies in the equilibrium.
Frustrated anger precludes such miserable equilibria because in the model a player maximizes his
material payoff, given his beliefs, until an event arises which causes him to recalculate the expected
payoff from his strategy.
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5.2 Application: A hold-up game

The game in Figure 6 illustrates a situation where player 1 can take a potentially welfare increasing
action which leaves him exposed to opportunistic behavior on the part of player 2, or choose a
lower, inefficient outcome. If 1 chooses the potentially welfare increasing action r, then 2 can
“hold up” 1 by choosing r’, leaving 1 with a choice between destroying all the available wealth in
the game (action r”) or giving 2 a large payoff and taking a small payoff for himself. The unique
subgame perfect equilibrium profile of the material payoff game is ((l,l”),r”), resulting in inefficient
material payoffs of 2 for each player.13

Figure 6: A hold-up game

Consider first the predictions which result from the model of Dufwenberg and Kirchsteiger (2004).
DK’s model predicts multiple equilibria in this game. One of these equilibrium profiles is the
cooperative one, ((r, r′′), l′), which results in each player receiving a material payoff of 5. However,
among the other equilibrium profiles is ((r, r′′), r′) with both players receiving a payoff of 0. This
“miserable” and inefficient equilibrium results because 1 believes both 2 to be “unkind” and further
that 2 expects 1 to be unkind, and 2 believes both 1 to be unkind and further that 1 expects 2 to
be unkind. This miserable equilibrium typically results when the reciprocity sensitivity parameters
in DK’s model are sufficiently large, and hence for the same values of the sensitivity parameters
both miserable and efficient equilibria are possible.

Next consider the pure-strategy sequential equilibria which arise with frustrated anger. First,
player 1’s initial expected material payoff π̄0

1 must be at least 2 in any equilibria, since if it is less
than 2 player 1 can improve both his material and psychological payoffs by choosing l. Therefore,
after history (r, r′) player 1’s utility maximizing choice is r′′, for any beliefs α̃1, so long as θ12 >

1
9
.

Suppose θ12 >
1
9

and consider player 2’s decision after history r. Given that player 1 will choose
r′′ after r′, player 2’s material payoff maximizing choice is l′.

13Replacing 1’s payoff of 0 after history (l, l′, l′′) with 2 reproduces the “low-game” of the previous chapter.
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At the initial history, player 1’s utility maximizing strategy also maximizes his material payoff;
in this case that strategy is (r, r′′). Thus for θ12 >

1
9

there is a unique pure-strategy sequential
equilibrium profile ((r, r′′), l′) with frustrated anger.

Anger from blame leads to a similar result. Suppose θ12 >
1
9

and suppose that there is some SE
where player 1 chooses l at the initial history. Then at the history (r, l′) player 1 assigns blame of
at least 1 to player 2, and since player 2’s payoff from r′′ is 9, player 1 prefers to choose l′′. Then
player 2 maximizes his utility by choosing l′ after l, and likewise player 1 maximizes his utility by
choosing r at the initial history, which contradicts the initial assumption that 1 chooses l. So for
θ12 ≥ 1

9
there is a unique pure-strategy sequential equilibrium profile ((r, r′′), l′) with anger from

blame.

The miserable profile ((r, r′′), r′) can never be a sequential equilibrium with frustrated anger or
with anger from blame, for any sensitivity parameter values θ12 ≥ 0, θ21 ≥ 0. It requires that 1
expects a material payoff of 0 (and hence utility 0 at the initial history), and 1 can always improve
his material payoff and therefore his utility to 2 by deviating to l at h0.

5.3 Anticipating negative emotions

The experience of anger is generally considered to be unpleasant (Smith and Ellsworth, 1985).
While the examples up to this point concern situations where a player’s anger leads to aggres-
sion, another behavior that may result from utility which incorporates anger is that players may
anticipate the potential for anger (or frustration) and chose to avoid it.

Consider the two-player material payoff game illustrated in Figure 7. Player 1 may choose either
In (i) or Out (o). If player 1 chooses Out, then the payoff to both players is 1. If player 1 chooses
In, then the players play matching pennies. Each player i simultaneously chooses either heads
(hi) with or tails (ti). The payoffs to player 1 are 2 from (h1, h2) or (t1, t2) and 0 otherwise. The
payoffs to player 2 are 2 from (h1, t2) or (t1, h2) and 0 otherwise.

Figure 7: Matching pennies with outside option

By symmetry, in any sequential equilibrium of the material payoff game, each player must assign
probability 1

2
to each of his opponents actions in the subgame. Then player 1’s expected material
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payoff is 1 from both Out and from In, and 1 is indifferent between the two actions.

With any sequential equilibrium of either frustrated anger or anger from blame, symmetry implies
that both players must assign probability 1

2
to each opponents action. However, frustrated anger

and anger from blame give different predictions regarding Player 1’s behavior at the initial node.
With frustrated anger, Player 1 is indifferent between actions In and Out given his belief that
Player 2 will select each action with probability 1/2. Player 1 is not frustrated at the initial node,
and the possibility of future frustration does not enter into his (local) utility function. His expected
material payoff is 1 from each action, hence he is indifferent. With anger from blame, Player 1
strictly prefers Out to In if θ12 > 0. This results from the positive probability that Player 1 assigns
to receiving material payoff 0. Should Player 1 receive 0 he will assign positive blame to Player 2.
The possibility of a negative psychological payoff following In reduces his expected utility of in to
strictly less than 1, and hence with Anger from Blame Player 1 prefers Out to In.

6 Conclusion

Real-world decision makers must unavoidably deal with emotions. Fisher and Shapiro (2005) view
emotions as a natural consequence of important negotiations. They also suggest that negotiators
should plan for dealing with strong negative emotions - both their own and and those of their
opponents - in advance.

The models in this paper suggest how to formulate such plans with respect to angry emotions
by connecting material and psychological considerations to generate predictions about behavior in
economic situations. As Geanakoplos, Pearce, and Stacchetti (1989), Elster (1998), and Battigalli
and Dufwenberg (2009) have noted, standard game theory is not rich enough in general to capture
emotional motivations, since emotions and expectations are not independent of each other. A
player’s emotional state must depend upon what he expects and what he knows about other
players’ behavior in a game. Modeling anger therefore requires a departure from the standard
approach of game theory which separates utility from beliefs. Psychological game theory provides
the necessary tools to capture the interdependence of anger and expectations.

The two models in this paper represent two views of anger from the psychology literature. Neither
model is superior to the other. Rather, it is hoped that the models provide a backdrop for
empirical tests which can distinguish between them and therefore between the views of anger in
the psychology literature.

A key consequence of these models is that common knowledge of psychological payoff functions
which include anger serves as a credible threat. Anger may overcome the problem of commitment
faced by players who selfishly maximize their expected material payoffs, causing coplayers to
alter their play accordingly. Hirshleifer (1987) and Frank (1988) suggest that anger (and other
“passions”) may have evolved specifically for this purpose.

The models here may be applied to economic situations where credible threats to inflict costly
punishment have strategic consequences. Many plausible economic scenarios fit in this category.
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Bargaining, monopoly, and public goods are natural applications.
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A Appendix

Proof of Theorem 2. The proof of existence of sequential equilibria for psychological games
with frustrated anger is adapted from Battigalli and Dufwenberg (2009). The principal differences
with their setup are the extension to game forms with imperfectly observable actions and chance
moves, and the formulation of beliefs upon S rather than S−i.

Proof. First we connect behavior strategies and beliefs.

Definition 7. A profile of first order beliefs α̃ = B(σ) = (Bi(σ))i∈N\{c} is derived from a behavior
strategy profile σ = (σi)i∈N if for all i ∈ N \ {c}, for all h ∈ Hi, and for all s ∈ S(h):

Bi(σ|h) = α̃i(s|h) =
Prσc(sc)

∏
j 6=c Prσj(sj)∑

s′∈S(h) Prσc(s
′
c)
∏

j 6=c Prσj(s
′
j)

Let Σ denote the space of behavior strategy profiles, a compact subset of Euclidean space. Fix
a strictly positive vector ε = (εi,h(ai)ai∈Ai(h))i∈N\{c},h∈Hi

. For a given psychological game with
frustrated anger ΓFA, let Σε be the set of (completely mixed)Obehavior strategy profiles where for
each i ∈ N \ {c}, and each h ∈ Hi, each action ai ∈ Ai(h) which does not maximize the expected
utility of i must be chosen with at least probability εi,h(ai) > 0.

Let rε : Σε � Σε denote the ε-constrained best response correspondence which assigns the minimal
probability weighting εi,h(ai) to actions which do not maximize i’s expected utility at h:

rε,i(σ) = {σ′i ∈ Σε,i : ∀h ∈ Hi, ∀ai ∈ Ai(h), ai 6∈ arg max
a′i∈Ai(h)

Eσ,B(σ)[ui|h, a′i]⇒ σi(ai|h) = εi,h(ai)},

and
rε(σ) =

∏
i∈N\{c}

rε,i(σ).

rε,i(σ) is a nonempty, convex subset of (∆Ai(h))h∈Hi
. B(·) is a continuous function of σ, and

Eσ,B(σ)[ui|h, a′i] is continuous in σ, so rε,i(σ) has a closed graph. So rε(·) is a nonempty, convex-
valued correspondence from the compact, convex set

∏
i∈N\{c}

∏
h∈Hi

∆(Ai(h)) to itself. There-

fore by the Kakutani theorem rε(·) has a fixed point, which is an “ε-psychological equilibrium”
(Battigalli and Dufwenberg, 2009).

Fix a sequence εk → 0; this sequence corresponds to a sequence of εk-psychological equilibria
behavior strategy profiles σk. The space Σ of behavior strategy profiles is a compact subset of
Euclidean space, so σk has a limit point σ∗; the corresponding assessment (σ∗, B(σ∗)) is a sequential
equilibrium. First (σ∗, B(σ∗)) is consistent: B(σ∗) is the limit of beliefs derived from completely
mixed strategies using Bayes’ rule. By continuity of Eσ,B(σ)[ui|h, ai] in σ, and finiteness of Ai(h),
for k sufficiently large

arg max
ai∈Ai(h)

Eσ∗,B(σ∗)[ui|h, ai] = arg max
ai∈Ai(h)

Eσk,B(σk)[ui|h, ai]
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which then implies that

supp(σ∗i (·|h)) ⊆ arg max
ai∈Ai(h)

Eσ∗,B(σ∗)[ui|h, ai],

so by Definition 6, (σ∗, B(σ∗)) is a sequential equilibrium.
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